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(57) ABSTRACT

Systems and methods are disclosed for time-domain diversity
combining of radio frequency (RF) broadcast signals. Two
channelized quadrature (I/Q) signals are generated by differ-
ent tuner circuitry coupled to two different antennas, are
converted to frequency-domain signals, and are used to gen-
erate frequency-domain diversity weighting signals. The fre-
quency-domain diversity weighting signals are then con-
verted to time-domain weights and applied to the channelized
I/Q signals. The weighted and channelized I/QQ signals are
then combined 1n the time-domain to provide a time-domain
diversity combined signal. The resulting combined signal can
be further processed, as desired, such as by using a demodu-
lator to generate demodulated output signals. Disclosed
methods and systems can be applied to a variety of receiver
systems configured to receive RF broadcast signals.
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TIME-DOMAIN DIVERSITY COMBINING OF
SIGNALS FOR BROADCAST RECEIVERS

TECHNICAL FIELD OF THE INVENTION

This mvention relates to antenna diversity for broadcast
receivers and, more particularly, to receiver systems that uti-
lize diversity combining for the reception of digital or analog
broadcast transmissions.

BACKGROUND

Broadcast signal transmissions are often subject to multi-
path distortions, particularly where recerver systems are mov-
ing (e.g., automobile, cellular phone, etc.). Multiple receive
antennas and diversity combining techniques have been used
to reduce degradation in recerver performance due to these
multi-path distortions. In contrast to recerver systems that use
diversity combining techniques to address multi-path distor-
tions, other receiver systems are designed to recerve multi-
signal diversity transmissions where two or more transmitters
are used to generate multi-signal diversity transmaissions.

With respect to broadcasts that utilize OFDM (orthogonal
frequency division multiplex) transmissions, such as HD-
Radio (High Definition Radio) broadcasts in the United
States, DAB/DMB (Digital Audio Broadcast/Digital Multi-
media Broadcast) and DVB (Digital Video Broadcasting)
broadcasts 1n Europe, ISDB-T (Integrated Services Digital
Broadcasting—Terrestrial) broadcasts 1n Japan, and DTMB
(Digital Terrestrial Multimedia Broadcast) broadcasts in
China, diversity techniques are also useful in 1mproving
reception of the broadcast signals. Diversity combining for
OFDM transmissions typically utilize diversity combining 1n
the frequency-domain for the OFDM signals. This frequency-
domain diversity combining requires channel estimation, fre-
quency adjustments, and timing synchronization in order to
combine the recerved OFDM signals for diversity.

FIG. 1 (Prior Art) 1s a more detailed block diagram of an
embodiment 100 for a digital broadcast receiver system that
utilizes frequency-domain OFDM diversity combining cir-
cuitry 146. First recerver circuitry 142 includes radio ire-
quency front-end (RFFE) circuitry 152 that down-converts a
radio frequency (RF) signal received from the antenna 138
and provides a down-converted quadrature (I/Q) signal to the
analog-to-digital converter (ADC) 154. The ADC 154 pro-
vides a digitized signal to channelize circuitry 156, which in
turn provides a channelized I/Q signal to the digital mixer 158
within the frequency-domain diversity combining circuitry
146. Similarly, second recerver circuitry 144 includes RFFE
circuitry 162 that down-converts an RF signal recerved from
the antenna 140 and provides a down-converted quadrature
(I/QQ) signal to the analog-to-digital converter (ADC) 164.
The ADC 164 provides a digitized signal to channelize cir-
cuitry 166, which in turn provides a channelized I/Q) signal to
digital mixer 168 within the frequency-domain diversity
combiner 146.

The frequency-domain OFDM diversity combining cir-

cuitry 146 includes mixers 158 and 168, fast Fourier trans-
form (FFT) circuitry 160 and 170, synchronization (SYNC)

block 172, channel estimators 174 and 184, ratio blocks 176
and 186, mixers 178 and 188, and combiner 180. The fre-
quency-domain OFDM diversity combining circuitry 146
provides a combined I/Q) receive signal 148 as an output. For
the embodiment depicted, the combined 1I/Q receive signal
148 1s then provided to de-mapper circuitry 190, deinterleave
circuitry 192, and FEC (forward error correction) decode
circuitry 194 before being provided as decoded output signals
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2

196. These decoded output signals 196 can then be turther
processed by additional circuitry.

In operation, synchronization (SYNC) block 172 recerves
output signals from the mixers 158/168, provides a first ire-
quency adjustment signal (11 ¢,,,~) 157 back to the mixer 158,
and a second frequency adjustment signal (12.y.,~) back to
mixer 168. The SYNC block 172 also generates a first timing
synchronization signal (T1.,...~) 161 that 1s applied to the
FFT circuitry 160. FFT circuitry 160 also recerves the output
signal from mixer 138. The output from FFT circuitry 160 1s
provided to channel estimator 174, which 1n turn provides a
signal to complex conjugation block (R1) 176 to generate a
welghted mixing signal that 1s mixed with the output signal
from FFT circuitry 160 by mixer 178. Similarly, the SYNC
block 172 generates a second timing synchronization signal
(12.5~) 171 that 1s applied to the FFT circuitry 170. The
FFT circuitry 170 also receives the output signal from mixer
168. The output from FF'T circuitry 170 1s provided to channel
estimator 184, which 1n turn provides a signal to second
complex conjugation block (R2) 186 to generate a weighted
mixing signal that 1s mixed with the output signal from FFT
circuitry 170 by mixer 188. It 1s noted that conjugating the
channel response using blocks (R1/R2) 176/186 phase aligns
the two antenna signals so that they can be added coherently
and weights each of these signals so that each contributes to
the sum 1n proportion to 1ts signal-to-noise ratio (SNR). The
output 1 mixers 178/188 are provided to combiner 180, and
combiner 180 generates a combined frequency-domain I/Q)

receive signal 148. It 1s noted that the frequency adjustment
and timing synchronization provided by the SYNC block 172
1s needed so that frequency-domain diversity weighting
adjustments can be made using mixers 178 and 188 and the
weilghted mixing signals from the ratio blocks (R1, R2) 176
and 186.

One disadvantage with frequency-domain diversity com-
bining, such as shown with respect to F1G. 1 (Prior Art), 1s the
complexity and size required for the frequency-domain
OFDM diversity combining circuitry 146, which requires
channel estimation, related frequency adjustments, and tim-
ing synchronization in order to apply frequency-domain
diversity combining to the received OFDM signals.

SUMMARY OF THE INVENTION

Systems and methods are disclosed for time-domain diver-
sity combiming of radio frequency (RF) broadcast signals.

Two channelized quadrature (1/Q) signals are generated by
different tuner circuitry coupled to two different antennas, are
converted to frequency-domain signals, and are used to gen-
erate frequency-domain diversity weighting signals. The fre-
quency-domain diversity weighting signals are then con-
verted to time-domain weights and applied to the channelized
I/QQ signals. The weighted and channelized 1/Q signals are
then combined 1n the time-domain to provide a time-domain
diversity combined signal. The resulting combined signal can
be further processed, as desired, such as by using a demodu-
lator (e.g., HD-Radio, DAB/DMB, DVB, FM, ISDB-T,
DTMB, and other modulated RF broadcasts) to generate
demodulated output signals. Disclosed methods and systems
can be applied to a variety of recerver systems, for example,
receiver systems configured to recerve OFDM (orthogonal
frequency division multiplex) signals from digital audio
broadcast, Frequency Modulated (FM) signals from analog
audio broadcast transmissions, and/or signals form other
types of RF broadcast signals, such as DRM (Digital Radio
Mondiale) signals from AM (Amplitude Modulation) analog
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audio broadcasts. Other features and variations could also be
implemented, as desired, and related systems and methods
can be utilized, as well.

In one embodiment, a diversity receiver system includes
first tuner circuitry, second tuner circuitry, and time-domain
diversity combining circuitry. The first tuner circuitry 1s con-
figured to receive a radio frequency (RF) signal from a {first
antenna and to down-convert, digitize, and channelize the RF
signal to generate a first time-domain channelized quadrature
(I/Q) signal. The second tuner circuitry 1s configured to
receive a radio frequency (RF) signal from a second antenna
and to down-convert, digitize, and channelize the RF signal to
generate a second time-domain channelized quadrature (I/Q)
signal. The time-domain diversity combining circuitry 1s con-
figured to receive the first and second channelized I/QQ signals,
to convert the first and second channelized I/QQ signals to
frequency-domain signals, to analyze the frequency-domain
signals to determine frequency-domain diversity weights for
the first and second channelized 1/Q signals, to convert the
frequency-domain diversity weights into at least one set of
time-domain diversity weights, and to apply the time-domain
diversity weights to generate a combined time-domain diver-
sity 1/QQ signal based upon the first and second time-domain
channelized I/Q signals. In a further embodiment, the first and
second tuner circuitry are configured to receive OFDM (or-
thogonal frequency division multiplex) audio broadcast sig-
nals.

In another embodiment, the first tuner circuitry 1s inte-
grated within a first integrated circuit, and the second tuner
circuitry 1s itegrated within a second integrated circuit. Still
turther, the time-domain diversity combining circuitry can be
integrated within a third integrated circuit, and the third inte-
grated circuit can be combined 1n a multi-chip module with at
least one of the first integrated circuit or the second 1integrated
circuit. In still a further embodiment, the time-domain diver-
sity combining circuitry can be itegrated within the second
integrated circuit. Still further, the system can include a
demodulator configured to receive the combined time-do-
main diversity I/Q signal and to output a demodulated audio
signal. Further, the demodulator can be configured to
demodulate at least one of HD-Radio (High Definition Radio)
broadcast signals or DAB (Digital Audio Broadcast) broad-
cast signals. In another embodiment, the system further
includes an FM (Frequency Modulated) demodulator inte-
grated within the second integrated circuit and configured to
receive the combined time-domain diversity I/QQ signal, to
demodulate FM broadcast signals, and to generate an FM
demodulated audio signal. Still further, the system can
include blend circuitry configured to receive the FM demodu-
lated audio signal and the demodulated audio signal and to
generate a blended audio signal. In another embodiment, the
system further includes audio processing circuitry configured
to receive the demodulated audio signal and to generate audio
output signals, and the audio processing circuitry 1s integrated
within the first integrated circuit. Still further, the audio pro-
cessing circuitry can be configured to provide HI-FI audio
processing. In addition, the demodulator can be 1ntegrated
within one of the first integrated circuit or the second inte-
grated circuit, and the demodulator can be configured to
demodulate at least one of HD-Radio (High Definition Radio)
broadcast signals or DAB (Digital Audio Broadcast) broad-
cast signals.

In an additional embodiment, the time-domain diversity
combining circuitry includes first FFT (Fast Fourier Trans-
form) circuitry coupled to recerve the first time-domain chan-
nelized 1/Q signal and to output a first frequency-domain
signal having multiple frequency components, second FFT
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circuitry coupled to receive the second time-domain channel-
1zed I/Q signal and to output a second frequency-domain
signal having multiple frequency components, weight pro-
cessing circuitry configured to recetve the first and second
frequency-domain signals and to generate the frequency-do-
main diversity weights, and IFFT (Inverse Fast Fourier Trans-
form) circuitry coupled to recerve the frequency-domain
diversity weights and to generate the at least one set of time-
domain diversity weights.

In a further embodiment, the weight processing circuitry 1s
configured to generate a first set and a second set of fre-
quency-domain diversity weights, and the IFFT circuitry
includes first IFFT circuitry configured to receive the first set
of frequency-domain diversity weights and to generate a first
set of time-domain diversity weights and second IFFT cir-
cuitry configured to receive the second set of frequency-
domain diversity weights and to generate a second set of
time-domain diversity weights. Still further, the time-domain
diversity combining circuitry can further include a first filter
configured to apply a first filter response to the first channel-
1zed 1/Q) signal based upon the first set of time-domain diver-
sty weights, a second filter configured to apply a second filter
response to the second channelized I/Q signal based upon the
second set of time-domain diversity weights, and combiner
circuitry configured to combined the filtered first and second
channelized 1I/QQ signals from the first and second filters to
generate the combined time-domain diversity 1/QQ signal. In
addition, the first and second IFFT circuitry can each be
configured to generate anumber (Y) of time-domain diversity
weights that 1s less than a number (N) of points used by the
first and second FFT circuitry to generate the frequency-
domain signals having multiple frequency components.

In another embodiment, the weight processing circuitry 1s
configured to generate a set of frequency-domain diversity
weights, and wherein the IFFT circuitry 1s configured to
receive the set of frequency-domain diversity weights and to
generate a set of time-domain diversity weights. Still further,
the time-domain diversity combining circuitry can further
include a filter configured to apply a filter response to the
second channelized 1I/Q signal based upon the set of time-
domain diversity weights, delay circuitry coupled to the first
channelized I/Q signal, and combiner circuitry configured to
combined the filtered second channelized 1/Q signal from the
filter with the first channelized 1/Q signal to generate the
combined time-domain diversity 1/Q) signal. Still further, the
IFFT circuitry can configured to generate a number (Y) of
time-domain diversity weights that 1s less than a number (N)
of points used by the first and second FFT circuitry to gener-
ate the frequency-domain signals having multiple frequency
components.

In one other embodiment, a method for operating a diver-
sity receiver system includes generating a first time-domain
channelized quadrature (I/Q) signal from a radio frequency
(RF) signal received from a first antenna, generating a second
time-domain channelized quadrature (I/Q) signal from a
radio frequency (RF) signal received from a first antenna,
converting the first and second time-domain channelized 1/()
signals to frequency-domain signals, determining frequency-
domain diversity weights for the first and second channelized
I/QQ signals, converting the frequency-domain diversity
weilghts 1nto at least one set of time-domain diversity weights,
and applying the time-domain diversity weights to generate a
combined time-domain diversity 1/QQ signal based upon the
first and second time-domain channelized 1/Q signals. In a
turther embodiment, the recerved RF signals are OFDM (or-
thogonal frequency division multiplex) audio broadcast sig-
nals.
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In a further embodiment, the method includes utilizing
FFT (Fast Fourier Transtorm) circuitry to convert the firstand
second time-domain channelized I/QQ signals to frequency-
domain signals, and utilizing IFFT (Inverse Fast Fourier
Transform) circuitry to convert the frequency-domain diver-
sity weights to the at least one set of time-domain diversity
weights. Still further, a number (Y) of time-domain diversity
weights output by the IFFT circuitry can be less than a num-
ber (N) of points used by the FFT circuitry to generate the
frequency-domain signals.

In a still further embodiment, the method can include gen-
erating a first set and a second set of frequency-domain diver-
sity weights with the FFT circuitry, generating a first set and
a second set of time-domain diversity weights with the IFFT
circuitry, filtering the first channelized 1I/Q signal by applying
the first set of time-domain diversity weights to a first filter,
filtering the second channelized 1/Q signal by applying the
second set of time-domain diversity weights to a second filter,
and combining output signals from the first and second filters
to generate the combined time-domain diversity 1/QQ signal.

In another embodiment, the method can include generating,
a set of frequency-domain diversity weights with the FFT
circuitry, generating a set of time-domain diversity weights
with the IFFT circuitry, filtering the second channelized 1/Q)
signal by applying the set of time-domain diversity weights to
a filter, delaying the first channelized I/QQ signal to generate a
delayed version of the first channelized 1/Q signal, and com-
bining an output signal from the filter and the delayed version
of the first channelized 1I/Q) signal to generate the combined
time-domain diversity 1/QQ signal.

Other features and variations could also be implemented,
as desired, and related systems and methods can be utilized,
as well.

DESCRIPTION OF THE DRAWINGS

It 1s noted that the appended drawings illustrate only
example embodiments of the invention and are, therefore, not
to be considered limiting of 1ts scope, for the imvention may

admuit to other equally effective embodiments.

FIG. 1 (Prior Art) 1s a more detailed block diagram of an
embodiment for a digital broadcast receiver system that uti-
lizes frequency-domain OFDM (orthogonal frequency divi-
sion multiplex) diversity combining.

FIG. 2 15 a block diagram of an embodiment for a digital
broadcast recerver system that utilizes time-domain diversity
combining and multi-antenna weighting.

FIG. 3 15 a block diagram of an embodiment for a digital
broadcast recerver system that utilizes time-domain diversity
combining and single-antenna weighting.

FI1G. 4 1s a block diagram of an embodiment for a receiver
system that utilizes two tuner 1ntegrated circuits and a sepa-
rate diversity combiner integrated circuit.

FIG. 5 1s a block diagram of an embodiment for a receiver
system that utilizes a combined tuner and diversity integrated
circuit.

FIG. 6 1s a block diagram of an embodiment for a receiver
system utilizes a combined tuner and audio processing inte-
grated circuit.

FI1G. 7 1s a block diagram of an embodiment for a receiver
system that utilizes a combined tuner, demodulator, and audio
processing integrated circuit.

FI1G. 8 1s a block diagram of an embodiment for a receiver
system that integrates an FM demodulator with a tuner/diver-
sity integrated circuit.
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FIG. 9 15 a block diagram of an embodiment for a receiver
system that integrates blend circuitry within a tuner/audio

integrated circuit.

FIG. 10 1s a block diagram of an embodiment for a receiver
system that integrates blend circuitry within a tuner/audio
integrated circuit and integrates an FM demodulator and an
HD/DAB demodulator within a tuner/diversity integrated cir-
cuit.

DETAILED DESCRIPTION OF THE INVENTION

Systems and methods are disclosed for time-domain diver-
sity combining of radio frequency (RF) broadcast signals.
Two channelized quadrature (I/Q) signals are generated by
different tuner circuitry coupled to two different antennas, are
converted to frequency-domain signals, and are used to gen-
crate frequency-domain diversity weighting signals. The fre-
quency-domain diversity weighting signals are then con-
verted to time-domain weights and applied to the channelized
I/QQ signals. The weighted and channelized 1I/QQ signals are
then combined 1n the time-domain to provide a time-domain
diversity combined signal. The resulting combined signal can
be further processed, as desired, such as by using a demodu-
lator (e.g., HD-Radio, DAB/DMB, DVB, FM, ISDB-T,
DTMB, and other modulated RF broadcasts) to generate
demodulated output signals. Disclosed methods and systems
can be applied to a variety of receiver systems, for example,
receiver systems configured to receive OFDM (orthogonal
frequency division multiplex) signals from digital audio
broadcast, Frequency Modulated (FM) signals from analog
audio broadcast transmissions, and/or signals form other
types of RF broadcast signals, such as DRM (Digital Radio
Mondiale) signals from AM (Amplitude Modulation) analog
audio broadcasts. Other features and variations could also be
implemented, as desired, and related systems and methods
can be utilized, as well.

The time-domain diversity combining provided by the
embodiments described herein advantageously reduce the
complexity and circuitry required to use diversity techniques
to improve reception of digital broadcast signals, particularly
where multi-path distortions occur. FIG. 2 provides an
embodiment that applies time-domain diversity weighting to
two channelized 1/QQ signals from two different antennas
before combining them to generate a combined 1/Q receive
signal. FIG. 3 provides an embodiment that applies time-
domain diversity weighting to one of two channelized 1/Q)
signals that are based upon RF signals received by two dif-
ferent antennas before combining them to generate a com-
bined I/Q recerve signal. FIGS. 4-10 provide integrated cir-
cuit embodiments that include time-domain diversity
combining circuitry that provides combined 1I/Q) receive sig-
nals. It 1s noted that the quadrature I/QQ signals referred to
herein represent an 1nput signal that has been converted 1nto
real (I) and 1maginary (Q) signals that are out of phase with
respect to each other by about 90 degrees. It 1s also noted that,
as used herein, a tuner receives RF (radio frequency) signals
and generates I/Q signals, and a demodulator receives the 1/()
signals or signals based upon the I/Q signals and generates
demodulated data, audio, video, etc. signals. A receiver sys-
tem, as used herein, refers to any device, circuitry, or other
soltware/hardware functional blocks that receirve a process
RF signals, and a recerver system can include a tuner with or
without a demodulator. It 1s further noted that additional
antennas and/or additional signal processing paths could also
be utilized as well, 11 desired, so that more than two signal
paths are used for the time-domain diversity combining In
addition, while audio broadcasts and audio output signals are
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primarily discussed with respect to the disclosed embodi-
ments, the time-domain diversity combining embodiments
described herein are not limited to audio broadcast informa-
tion and can also be utilized with respect to RF broadcasts
including data, video and/or other desired information 1n
addition to and/or instead of audio signals, 11 desired.

Looking first to FIG. 2, a block diagram 1s provided of an
embodiment 200 for a broadcast receiver system that utilizes
time-domain diversity combining circuitry 202 to produce a
diversity combined I/Q) signal 219. As with embodiment 100
in FI1G. 1 (Prior Art), a first tuner 142 includes radio frequency
front-end (RFFE) circuitry 152 that down-converts a recerved
signal from the antenna 138 and provides a down-converted
quadrature (I/QQ) signal to the analog-to-digital converter
(ADC) 154. The ADC 154 provides a digitized signal to
channelize circuitry 156, which 1n turn provides a {irst chan-
nelized I/Q output signal. A second tuner 144 includes RFFE
circuitry 162 that down-converts a received signal from the
antenna 140 and provides a down-converted 1/Q signal to the
analog-to-digital converter (ADC) 164. The ADC 164 pro-
vides a digitized signal to channelize circuitry 166, which in
turn provides a second channelized I/QQ output signal. In con-
trast with FIG. 1 (Prior Art), however, the first and second
channelized I/Q) output signals are provided to time-domain
diversity combining circuitry 202. For embodiment 200, 1t 1s
also noted that frequency reference (FREQ REF) circuitry
230 can be included to provide a first frequency reference
signal (I,.~,) 232 to RFFE circuitry 152 and to provide a
second frequency reference signal (1, .-,) 242 to RFFE cir-
cuitry 162 1n order to synchronize the recerved signals for
later combining without generating undesirable inter-carrier
interference.

The time-domain diversity combining circuitry 202
includes a first filter 214, a second filter 216, and diversity
welghting circuitry 220. The filters 214 and 216 can be, for
example, FIR (finite impulse response) filters that provide
filter responses that are dependent upon filter control param-
eters or coetlicients. As depicted, the first filter 214 applies a
filter response to the first channelized 1/Q signal 203, and this
filter response 1s dependent upon a first time-domain weight-
ing signal (W1) 211. The second filter 216 applies a filter
response to the second channelized I/Q signal 205, and this
filter response 1s dependent upon a second time-domain
weighting signal (W2) 213. The filtered 1/Q output signals
from filters 214 and 216 are then provided to combiner 218,
which 1n turn provides a combined I/Q) receive signal 219 to a
standard demodulator 222. The demodulator 222 can be
implemented, as desired, to demodulate the combined I/Q)
receive signal 219. For example, the demodulator 222 can
demodulate HD-Radio (High Definition Radio) formats,
DAB (Digital Audio Broadcast) formats, and/or any other
desired broadcast modulation technique utilized for the
broadcast signals. It 1s noted the HD-Radio formats are uti-
lized for digital radio broadcasts in the United States, and
DAB formats are utilized for digital radio broadcasts in
Europe and other regions of the world.

The filter weights provided by the first and second weight-
ing signals (W1, W2) 214 and 216 are generated by diversity
weighting circuitry 220. For the embodiment depicted, the

diversity weighting circuitry 220 includes FFT (Fast Fourier
Transtorm) block 204, FFT block 206, weight processor 208,

iverse FFT (IFFT) block 210, and IFFT block 212. In par-
ticular, the first channelized 1/Q) signal 203 1s provided to FFT
block 204, which performs an N-point (N-PT) FFT operation
on the first channelized 1/Q) signal 203. The output from FFT
block 204 1s provided to the weight processor 208. Similarly,
the second channelized 1/Q signal 205 1s provided to FFT
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block 206, which performs an N-point (N-PT) FF'T operation
on the second channelized I/QQ signal 205. The output from
FFT block 205 1s also provided to the weight processor 208.
It 1s noted that the FF'T output signals from blocks 204 and
206 are frequency-domain signals that include multiple fre-
quency components 1n N different frequency bins determined
by the N-point FFT operations.

The weight processor 208 analyzes the FEFT output signals
from blocks 204 and 206 to determine signal parameters
associated with the received signals from the two different
antennas 138 and 140. For example, the signal parameters can
include signal-to-noise ratio information, signal strength
information, and phase information. The weight processor
208 then determines signal path weights based upon the
analysis of the signal parameters and produces two path
weight signals 207 and 209. These path weight signals 207
and 209 are frequency-domain signals. The first path weight
signal 207 1s provided to IFFT block 210, which converts the
first path weight signal 207 from a frequency-domain signal
to the first time-domain weighting signal (W1) 211. The
second path weight signal 209 1s provided to IFFT block 212,
which converts the second path weight signal 209 from a
frequency-domain signal to the second time-domain weight-
ing signal (W2) 213. As described above, the first and second
time-domain weighting signals (W1, W2) 211 and 213 are
used to control the frequency response of filters 214 and 216.
For example, where the filters 214 and 216 are FIR filters, the
first and second time-domain weighting signals (W1, W2)
211 and 213 provide frequency control parameters or coelli-
cients for the FIR taps that control the time-varying frequency
response applied by the FIR filters. It 1s further noted that
where filters 214 and 216 are FIR filters, the filters 214 and
216 operate to linearly convolve the time-domain channel-
1zed I/Q signals 203 and 205 with the weighted time-domain
filter tap weights 211 and 213. It 1s also noted that time-
domain filtering can also be performed, 11 desired, on the
weilghting signals 211 and 213 to reduce the noise inherent in
welght estimation process.

It 1s noted that the IFFT blocks 210 and 212 can be con-
figured to provide a reduced number of filter weighting
parameters or coellicients (Y) as compared to the number of
frequency points (N) applied by the N-point FFT blocks 204
and 206, such that Y<IN. Preferably, the number of weighting
parameters or coellicients (Y ) 1s much less than the number of
frequency points (N). Further, 1t 1s noted that where FIR filters
are used for filters 214 and 216, the value for the number of
parameters or coelficients (Y) can be associated with a maxi-
mum delay spread for the FIR filters. For example, the num-
ber of points (IN) can be on the order of 2048 points, and the
number of weighting parameters or coellicients can be on the
order of 38 filter weighting parameters or coellicients for the
filters 214 or 216. It 1s further noted that different numbers of
FFT points and IFFT output parameters or coetlicients could
also be implemented, as desired, while still utilizing the time-
domain diversity combining techniques described herein.

It1s also noted that the RFFEs 152/162 can be configured to
down-convert broadcast channels within the RF signals to any
desired frequency to generate the down-converted I/QQ signals
that are then provided to the ADC circuitry 154/164. The
ADC circuitry 154/164 and channelizing circuitry 156/166
are conligured based upon the down-conversion provided by
the RFFE circuitry 152/162. For example, the RFFE circuitry
152/162 can be configured to down-convert a desired broad-
cast channel within the recerved RF signals to produce down-
converted 1/QQ signals at a desired intermediate frequency
(IF). Further, this IF can be configured to be relatively close to
0 Hz as compared to the channel width for the broadcast
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channels to be tuned. The RFFEs 152/162 can also be con-
figured to down-convert a desired broadcast channel within
the recerved RF signals directly to 0 Hz to produce down-
converted 1/Q signals at O Hz. This down-conversion to 0 Hz
1s oiten called a zero-IF down-conversion or a direct down-
conversion. It 1s further noted that some digital broadcasts,
such as HD-Radio broadcasts, include multiple digital sub-
channels and related sub-channel frequencies centered
around a primary broadcast channel and related channel fre-
quency. For such a digital broadcast, the primary broadcast
channel can be down-converted to the desired IF frequency,
including zero-IF, and a desired sub-channel can be tuned and
demodulated with down-stream receiver circuitry. Other
variations could also be implemented, as desired.

It1s further noted that a variety of techmiques can be used by
the weight processor 208 to determine frequency-domain
weight signals. For example, a maximal ratio combining
(MRC) technique could be used to generate frequency-do-
main weight signals that are complex conjugates of the chan-
nel response. Alternatively, the frequency-domain weight sig-
nals can be generated as complex conjugates of the raw FFT
data from FFT blocks 204 and 206. The embodiment 200 1n
FIG. 2, for example, can utilize the MRC technique. Another
technique that could be provided 1s an equal-gain combining,
(EGC) technique where the frequency-domain weight signals
represent unity gain co-phasing vectors. Further, with the
EGC technique, the number of filters can be reduced by one
(e.g., for N antennas, the number of antennas can be reduced
to N-1). Thus, while two filters 214 and 216 are used i FIG.
2 to apply filter responses to both the first and second chan-
nelized 1/Q signals 203 and 205, a single filter could also be
utilized, 11 desired. For example, as shown in the embodiment
300 of FIG. 3 and described 1in more detail below, a single
filter 308 1s used to apply a filter response to one signal path
and then co-phase this signal with the other signal path. It 1s
turther noted that for the time-domain diversity combining
embodiments described herein, there 1s no requirement to
turther synchronize to the signal 1n time and frequency. Fur-
thermore, channel state information is preserved in the cyclic
prefix associated with the combined I/QQ signal or digital
samples provided by the channelizing circuitry 156 and 166.
Varnations could be implemented as desired while still taking
advantage of the time-domain diversity combining tech-
niques described herein.

Looking now to FIG. 3, a block diagram 1s provided of an
embodiment 300 for a digital broadcast receiver system that
utilizes diversity weighting circuitry 320 to produce a single
welghting signal (W) for a single filter 308. As indicated
above, the filter 308 can be a FIR filter, 1f desired, that applies
a time-varying filter response to a channelized signal 2035
based upon tap filter parameters or coelficients based upon
the time-domain weighting signal (W) 306. Similar to
embodiment 200 in FIG. 2, first recerver circuitry 142
includes RFFE circuitry 152 that down-converts an RF signal
received from antenna 138 and provides a down-converted
I/QQ signal to ADC 154. The ADC 154 provides a digitized
signal to channelize circuitry 156, which in turn provides a
first channelized 1/Q output signal. Second receiver circuitry
144 includes RFFE circuitry 162 that down-converts an RF
signal recerved from antenna 140 and provides a down-con-
verted 1/Q signal to ADC 164. The ADC 164 provides a
digitized signal to channelize circuitry 166, which 1n turn
provides a second channelized 1/Q output signal. In addition,
as indicated above, frequency reference (FREQ REF) cir-
cuitry 230 can be included to provide a first frequency refer-
ence signal (1,.~,) 232 to RFFE circuitry 152 and to provide
a second frequency reference signal (1,.-,) 242 to RFFE
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circuitry 162 in order to synchronize the received signals for
later combining without generating undesirable inter-carrier
interference In contrast with FIG. 2, the time-domain diver-
sity combining circuitry 202 for embodiment 300 includes a
single filter 308, which can be an FIR filter, if desired. For the
embodiment 300 depicted, the filter 308 applies a filter
response to the second channelized signal 2035, and this filter
response 1s dependent upon a time-domain weighting signal
(W) 306. It 1s further noted that a delay equal to the group
delay of the filter 308 (e.g., FIR filter) 1s applied by delay
block (DELAY) 310 to the first channelized 1/Q signal 203.
The filtered I/Q output signal from filter 308 and the delayed
first channelized I/Q signal 203 are provided to combiner 218,
which in turn provides a combined receive signal 219 to
demodulator 222.

The filter weight parameters or coefficients provided by the
time-domain weighting signal (W) 306 1s generated by diver-
sity weighting circuitry 320. For the embodiment depicted,
the diversity weighting circuitry 320 includes FEFT block 204,
FFT block 206, weight processor 302, and IFFT block 304. In
particular, the first channelized 1/Q) signal 203 1s provided to
FFT block 204, which performs an N-point (N-PT) FFT
operation on the first channelized 1/Q signal 203. The output
from FFT block 204 1s provided to the weight processor 302.
Similarly, the second channelized signal 205 1s provided to
FFT block 206, which performs an N-point (N-PT) FFT
operation on the second channelized signal 205. The output
from FFT block 205 i1s also provided to the weight processor
302. It 1s noted that the FFT output signals from blocks 204
and 206 are frequency-domain signals that include multiple
frequency components in N different frequency bins deter-
mined by the N-point FF'T operations.

The weight processor 302 analyzes the FEFT output signals
from blocks 204 and 206 to determine signal parameters
associated with the received signals from the two different
antennas 138 and 140. For example, as indicated above, the
signal parameters can include signal-to-noise ratio informa-
tion, signal strength information, and/or phase information.
The weight processor 302 then determines signal path
weights based upon the analysis of the signal parameters and
produces one path weight signal 303. This path weight signal
303 1s a frequency-domain signal. The path weight signal 303
1s provided to IFFT block 304, which converts the path weight
signal 303 from a frequency-domain signal to a time-domain
weilghting signal (W) 306.

As with the IFFT blocks 210 and 212 1n FIG. 2, it 1s noted
that the IFF'T block 304 1n FIG. 3 can be configured to provide
a reduced number of filter weighting parameters or coelll-
cients (Y) as compared to the number of frequency points (IN)
used by the FFT blocks 204 and 206, such that Y<N. Prefer-
ably, this number of weighting parameters or coelficients (Y)
1s much less than the number of frequency points (N). For
example, the number of points (N) can be on the order o1 2048
points, and the number of weighting parameters or coetfi-
cients can be on the order of 38 filter weighting parameters or
coellicients (e.g., 38 filter taps for an FIR filter). It 1s also
noted that the channelizing circuitry 156 and 166 can provide
digital channelized I/QQ signals at a rate of 744 kilo-samples
per second, 1f desired. It 1s further noted that different num-
bers of FFT points and/or IFFT output parameters, as well as
different sample rates, could also be implemented, as desired,
while still utilizing the time-domain diversity combiming
techniques described herein.

The efficiency and reduction 1n complexity provided by the
time-domain diversity combining techniques described
herein allow for advantageous receiver system solutions. For
example, the time-domain diversity combining circuitry can
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be integrated into its own integrated circuit and/or can be
combined with other circuitry within an integrated circuit that
provides multiple functions within the receiver system. FIGS.
4-7 provide example integrated circuit embodiments for digi-
tal broadcast receiver systems that are configured to receive

HD-Radio and/or DAB broadcasts. FIGS. 8-10 provide

example integrated circuit embodiments for digital broadcast
receiver systems that are configured to recetve FM broadcasts

in addition to HD-Radio and/or DAB broadcasts. It 1s also

noted that one or more of the functional blocks described
herein can be implemented, 1n whole or 1n part, using one or
more digital signal processing (DSP) circuit blocks that are
configured to perform desired functions, for example, using
firmware loaded on the integrated circuits and utilized by the
DSP circuit blocks to implement the desired functionality. It
1s also noted that variations to the integrated circuit examples
provided 1n FIGS. 4-10 could be implemented, 1f desired.
FIG. 4 1s a block diagram of an embodiment 400 for a
receiver system that utilizes a separate integrated circuit for
the time-domain diversity combiner circuitry. For the
embodiment 400 depicted, a first HD/DAB tuner integrated
circuit (IC) 404 recerves RF signals from the first antenna 138
and outputs a first channelized I/Q signal 203 to a separate
time-domain diversity combiner integrated circuit (1C) 408.
A second HD/DARB tuner integrated circuit (IC) 406 receives
RF signals from the second antenna 140 and outputs a second
channelized I/Q s1gnal 205 to the separate time-domain diver-
sity combiner integrated circuit (IC) 408. As described above,
the time-domain diversity combining circuitry within the
time-domain diversity combiner 1C 408 analyzes, weights,
and combines the two 1/Q mput signals 203/205 to generate a
combined receive I/Q) signal 219 that 1s provided to demodu-

lator 222. In the embodiment 400 depicted, the demodulator
222 1s configured to demodulate the HD-Radio and/or DAB
digital broadcast signals received by the tuner 1Cs 404 and
406 to generate a demodulated audio output signal 410 that
can be further processed as desired. It 1s noted that the time-

domain diversity combiner 1C 408 can be combined in a
single multi-chip module (MCM) 402 with the first tuner I1C

404 or the second tuner IC 406, 1f desired. It 1s further noted
that the time-domain diversity combiner IC 408 can be com-

bined 1n a single multi-chip module (MCM) 402 with both of

the two tuner 1Cs 404 and 406, if desired. Other variations
could also be implemented as desired.

FIG. 5 1s a block diagram of an embodiment 500 for a
receiver system that integrates the time-domain diversity
combiner circuitry 202 mto a combined recerver and diversity
integrated circuit (IC) 502. For the embodiment 300 depicted,
a first HD/DAB tuner integrated circuit (I1C) 404 receives RF
signals from the first antenna 138 and outputs a first channel-
1zed 1/Q signal 203 to the time-domain diversity combining
circuitry 202 within the tuner/diversity IC 502. Second
HD/DAB tuner circuitry 144 receives RFE signals from the
second antenna 140 and outputs a second channelized 1/Q)
signal 205 to the time-domain diversity combining circuitry
202. As indicated above, second HD/DAB tuner circuitry 144
and the time-domain diversity combining circuitry 202 are
integrated within the same integrated circuit, which 1s the
tuner/diversity IC 502. Further, as described above, the time-
domain diversity combining circuitry 202 analyzes, weights,
and combines the two channelized I/Q mnput signals 203/2035
to generate a combined recerve I/QQ signal 219 that 1s provided
to demodulator 222. In the embodiment 500 depicted, the
demodulator 222 1s again configured to demodulate HD-
Radio and/or DAB digital broadcast signals received by the
tuner IC 404 and the receive circuitry 144 to generate a
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demodulated audio output signal 410 that can be further pro-
cessed as desired. Other variations could also be implemented
as desired.

FIG. 6 1s a block diagram of an embodiment 600 for a
receiver system that integrates an audio processor 604, such
as a HI-FI audio processor, with integrated tuner circuitry 142
to form a combined tuner and audio processing integrated
circuit (IC) 602. In addition, as with FIG. 5, the time-domain
diversity combiner circuitry 202 is also integrated into a com-
bined tuner and diversity integrated circuit (IC) 302. For the
embodiment 600 depicted, first HD/DAB tuner circuitry 142
within the tuner/audio IC 602 recerves RF signals from the
first antenna 138 and outputs a first channelized 1/Q signal
203 to the time-domain diversity combining circuitry 202
within the tuner/diversity IC 502. Second HD/DAB tuner
circuitry 144 receives RF signals from the second antenna
140 and outputs a second channelized 1/Q signal 205 to the
time-domain diversity combining circuitry 202. As indicated
above, the first tuner HD/DAB circuitry 142 and the audio
processor circuitry 604 are integrated within the same inte-
grated circuit, which 1s tuner/audio IC 602. Also, the second
HID/DAB tuner circuitry 144 and the time-domain diversity
combining circuitry 202 are integrated within the same nte-
grated circuit, which 1s the tuner/diversity 1C 502. Further, as
described above, the time-domain diversity combining cir-
cuitry 202 analyzes, weights, and combines the two channel-
1zed I/Q mput signals 203/205 to generate a combined recerve
I/QQ signal 219 that 1s provided to demodulator 222. For the
embodiment 600 depicted, the demodulator 222 1s again con-
figured to demodulate the HD-Radio and/or DAB digital
broadcast signals received by tuner circuitry 142 and 144 to
generate a demodulated audio output signal 410 that can be
turther processed as desired. Further, the audio processor
circuitry 604 within tuner/audio IC 602 recerves the demodu-
lated audio output signal 410 and further processes these
signals to generate audio output signals 610. For example, the
audio processor circuitry 604 can be configured to perform
HI-FI audio processing to the demodulated output signal 410
to generate the audio output signals 610, which can be utilized
by other circuitry and/or systems as desired. Other variations
could also be implemented as desired.

FIG. 7 1s a block diagram of an embodiment 700 for a
receiver system that integrates an audio processor 604, such
as a HI-FI audio processor, and a demodulator 704 with
integrated tuner circuitry 142 to form a combined tuner,
demodulator, and audio processing integrated circuit (IC)
702. In addition, as with FIGS. 5 and 6, the time-domain
diversity combiner circuitry 202 is also integrated into a com-
bined tuner and diversity integrated circuit (IC) 302. For the
embodiment 700 depicted, first HD/DAB tuner circuitry 142
within the tuner/audio IC 602 recerves RF signals from the
first antenna 138 and outputs a first channelized I/Q signal
203 to the time-domain diversity combining circuitry 202
within the tuner/diversity IC 502. Second HD/DAB tuner
circuitry 144 receives RF signals from the second antenna
140 and outputs a second channelized I/Q signal 203 to the
time-domain diversity combining circuitry 202. As indicated
above, the first tuner HD/DAB circuitry 142, the demodulator
704, and the audio processor circuitry 604 are integrated
within the same integrated circuit, which 1s tuner/demodula-
tor/audio IC 702. Also, the second HD/DAB tuner circuitry
144 and the time-domain diversity combining circuitry 202
are integrated within the same integrated circuit, which 1s the
tuner/diversity 1C 502. Further, as described above, the time-
domain diversity combining circuitry 202 analyzes, weights,
and combines the two channelized 1/Q) input signals 203/205
to generate a combined receive I/QQ signal 219 that 1s provided
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to demodulator circuitry 704 within the tuner/demodulator/
audio IC 704. For the embodiment 700 depicted, the demodu-

lator 704 1s again configured to demodulate the HD-Radio
and/or DAB digital broadcast signals receirved by tuner cir-
cuitry 142 and 144 to generate a demodulated audio output
signal 410 that can be further processed as desired. Further,
the audio processor circuitry 604 within tuner/demodulator/
audio IC 602 receives the demodulated audio output signal
410 and further processes these signals to generate audio
output signals 610. For example, the audio processor circuitry
604 can be configured to perform HI-FI audio processing to
the demodulated output signal 410 to generate the audio
output signals 610, which can be utilized by other circuitry
and/or systems as desired. Other variations could also be
implemented as desired.

Now looking to FIGS. 8-10, embodiment that include
reception and demodulation of FM audio broadcasts are dis-
cussed. In particular, these embodiments are directed to
receiver systems that are configured to recetve FM audio
broadcasts, as well as HD/DAB audio broadcasts, and are also
configured to blend between recerved FM signals and
received HD/DAB signals depending upon respective signal
strengths. Such blended audio techniques, for example, can
improve user experience when listening to HD/DAB audio
broadcasts that have signal strengths that vary significantly.

FIG. 8 1s a block diagram of an embodiment 800 for a
receiver system that integrates FM demodulator 806 with the
tuner circuitry 144 and time-domain diversity combiner cir-
cuitry 202 to form integrated circuit (IC) 804. First FM/HD/
DARB tuner circuitry 142 within a tuner/audio IC 802 receives
RF signals from the first antenna 138 and outputs a {first
channelized I/Q signal 203 to the time-domain diversity com-
bining circuitry 202 within the second IC 804. Second
FM/HD/DAB tuner circuitry 144 receives RFE signals from
the second antenna 140 and outputs a second channelized 1I/Q)
signal 203 to the time-domain diversity combining circuitry
202. As indicated above, the first tuner FM/HD/DAB cir-
cuitry 142 and the audio processor circuitry 604 are integrated
within the same integrated circuit, which 1s tuner/audio IC
802. Also, the second FM/HD/DAB tuner circuitry 144 and
the time-domain diversity combining circuitry 202 are inte-
grated within the same 1ntegrated circuit, which 1s the second
IC 804. Further, as described above, the time-domain diver-
sity combining circuitry 202 analyzes, weights, and combines
the two channelized I/Q) input signals 203/205 to generate a
combined receive I/Q) signal 219 that 1s provided to demodu-
lator 222. For the embodiment 800 depicted, the demodulator
222 1s again configured to demodulate the HD-Radio and/or
DARB digital broadcast signals received by tuner circuitry 142
and 144 to generate a demodulated audio output signal 410.
However, for embodiment 800, the combined receive I/(Q 219
1s also provided to FM demodulator 806, which provides FM
demodulation and generates a demodulated FM audio signal
808. FM/HD blend circuitry 810 then receirves both the
demodulated HD audio signal 410 and the demodulated FM
audio signal 808 and generates a blended audio signal 812. As
indicated above, this blended audio signal 812 can be config-
ured to blend a mixture of the FM audio signal 808 and the HD
audio signal 410, depending upon the relative recerved signal
strengths of the FM audio broadcasts and the HD/DAB audio
broadcasts. Further, the audio processor circuitry 604 within
tuner/audio IC 902 receives the blended audio signals 812 and
turther processes these signals to generate audio output sig-
nals 610. For example, the audio processor circuitry 604 can
be configured to perform HI-FI audio processing to the
blended audio signals 812 to generate the audio output signals
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610, which can be utilized by other circuitry and/or systems
as desired. Other variations could also be implemented as
desired.

FIG. 9 1s a block diagram of an embodiment 900 for a
receiver system that integrates FM/HD blend circuitry 810
within a tuner/audio IC 902. As with embodiment 800 of FIG.
8, a FM/HD/DAB tuner 142 is integrated with time-domain
diversity combining circuitry 202 and FM demodulator 806,
as shown with respect to integrated circuit 904. However,

unlike embodiment 800, FM/HD blend circuitry 810 1s inte-
grated with FM/HD/DAB tuner 152 and audio processor 604,
as shown with respect to integrated circuit 902. As such, the
FM/HD blend circuitry 810 receives the demodulated HD
audio signal 410 from demodulator 222 and the demodulated
FM audio signal 808 from integrated circuit 804 and then
generates the blended audio signal 812 for the audio proces-
sor 604. Other vaniations could also be implemented as
desired.
FIG. 10 1s a block diagram of an embodiment 1000 for a
receiver system that integrates an HD/DAB demodulator with
a tuner/diversity IC 1004. As with embodiment 900 of F1G. 9,
a FM/HD/DAB tuner 142 1s integrated with time-domain
diversity combining circuitry 202 and FM demodulator 806,
as shown with respect to integrated circuit 1004. Also,
FM/HD blend circuitry 810 is integrated with FM/HD/DAB
tuner 152 and audio processor 604, as shown with respect to
integrated circuit 902. However, unlike embodiment 900,
HD/DAB demodulator 704 1s integrated within integrated
circuit 902. As such, integrated circuit 1004 provides both the
demodulated HD audio signal 410 and the demodulated FM
audio signal 808 to the FM/HD blend circuitry 810 within
integrated circuit 902. Other varnations could also be 1mple-
mented as desired.
Further modifications and alternative embodiments of this
invention will be apparent to those skilled 1n the art 1n view of
this description. It will be recognized, therefore, that the
present mvention 1s not limited by these example arrange-
ments. Accordingly, this description i1s to be construed as
illustrative only and 1s for the purpose of teaching those
skilled 1n the art the manner of carrying out the invention. It 1s
to be understood that the forms of the invention herein shown
and described are to be taken as the presently preferred
embodiments. Various changes may be made in the imple-
mentations and architectures. For example, equivalent ele-
ments may be substituted for those 1llustrated and described
herein, and certain features of the mvention may be utilized
independently of the use of other features, all as would be
apparent to one skilled 1n the art after having the benefit of this
description of the invention.
What 1s claimed 1s:
1. A diversity recerver system, comprising:
first tuner circuitry configured to receive a radio frequency
(RF) signal from a first antenna and to down-convert,
digitize, and channelize the RF signal to generate a first
time-domain channelized quadrature (I/Q) signal;

second tuner circuitry configured to receive a radio 1Ire-
quency (RF) signal from a second antenna and to down-
convert, digitize, and channelize the RF signal to gener-
ate a second time-domain channelized quadrature (1/Q)
signal; and

time-domain diversity combining circuitry configured to

receive the first and second channelized I/Q) signals, to
convert the first and second channelized I/Q) signals to
frequency-domain signals, to analyze the frequency-do-
main signals to determine frequency-domain diversity
weights for the first and second channelized I/0 si1gnals,
to convert the frequency-domain diversity weights mnto
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at least one set of time-domain diversity weights, and to
apply the time-domain diversity weights to generate a
combined time-domain diversity 1/Q signal based upon
the first and second time-domain channelized I/Q sig-
nals;

wherein the time-domain diversity combining circuitry

COmMprises:

first FFT (Fast Fourier Transform) circuitry coupled to
recerve the first time-domain channelized 1/Q signal
and to output a first frequency-domain signal having
multiple frequency components;

second FF'T circuitry coupled to recerve the second time-
domain channelized I/Q signal and to output a second
frequency-domain signal having multiple frequency
components;

weight processing circuitry configured to recerve the
first and second frequency-domain signals and to gen-
crate the frequency-domain diversity weights; and

IFFT (Inverse Fast Fourier Transform) circuitry coupled
to receive the frequency-domain diversity weights
and to generate the at least one set of time-domain
diversity weights.

2. The diversity recerver system of claim 1, wherein the
first and second tuner circuitry are configured to receive
OFDM (orthogonal frequency division multiplex) audio
broadcast signals.

3. The diversity recerver system of claim 1, wherein the
first tuner circuitry 1s itegrated within a first integrated cir-
cuit and wherein the second tuner circuitry 1s integrated
within a second integrated circuait.

4. The diversity recerver system of claim 3, wherein the
time-domain diversity combining circuitry 1s integrated
within a third integrated circuit, and wherein the third inte-
grated circuit1s combined 1n a multi-chip module with at least
one of the first integrated circuit or the second integrated
circuit.

5. The diversity receiver system of claim, 3 wherein the
time-domain diversity combining circuitry 1s 1ntegrated
within the second integrated circuit.

6. The diversity recerver system of claim 5, further com-
prising a demodulator configured to receive the combined
time-domain diversity I/QQ signal and to output a demodulated
audio signal.

7. The diversity receiver system of claim 6, wherein the
demodulator 1s configured to demodulate at least one of HD-
Radio (High Definition Radio) broadcast signals or DAB
(Digital Audio Broadcast) broadcast signals.

8. The diversity recerver system of claim 7, further com-
prising an FM (Frequency Modulated) demodulator inte-
grated within the second integrated circuit and configured to
receive the combined time-domain diversity I/QQ signal, to
demodulate FM broadcast signals, and to generate an FM
demodulated audio signal.

9. The diversity recerver system of claim 8, turther com-
prising blend circuitry configured to receive the FM demodu-
lated audio signal and the demodulated audio signal and to
generate a blended audio signal.

10. The diversity recetver system of claim 6, further com-
prising audio processing circuitry configured to receive the
demodulated audio signal and to generate audio output sig-
nals, the audio processing circuitry being integrated within
the first integrated circuit.

11. The diversity recerver system of claim 10, wherein the
audio processing circuitry 1s configured to provide HI-FI
audio processing.

10

15

20

25

30

35

40

45

50

55

60

65

16

12. The diversity recerver system of claim 10, wherein the
demodulator 1s integrated within one of the first integrated
circuit or the second integrated circuait.

13. The diversity recerver system of claim 12, wherein the
demodulator 1s configured to demodulate at least one of HD-
Radio (High Definition Radio) broadcast signals or DAB
(Digital Audio Broadcast) broadcast signals.

14. The diversity receiver system of claim 1, wherein the
welght processing circuitry 1s configured to generate a first set
and a second set of frequency-domain diversity weights, and
wherein the IFFT circuitry comprises first IFFT circuitry
configured to recerve the first set of frequency-domain diver-
sity weights and to generate a first set of time-domain diver-
sity weights and second IFFT circuitry configured to receive
the second set of frequency-domain diversity weights and to
generate a second set of time-domain diversity weights.

15. The diversity receiver system of claim 14, wherein the
time-domain diversity combining circuitry further com-
Prises:

a first filter configured to apply a first filter response to the
first channelized 1/Q) signal based upon the first set of
time-domain diversity weights;

a second filter configured to apply a second filter response
to the second channelized I/QQ signal based upon the
second set of time-domain diversity weights; and

combiner circuitry configured to combined the filtered first
and second channelized I/Q signals from the first and
second filters to generate the combined time-domain
diversity 1/QQ signal.

16. The diversity receiver system of claim 14, wherein the
first and second IFFT circuitry are each configured to gener-
ate anumber (Y) of time-domain diversity weights that is less
than a number (N) of points used by the first and second FFT
circuitry to generate the frequency-domain signals having
multiple frequency components.

17. The diversity receiver system of claim 1, wherein the
welght processing circuitry 1s configured to generate a set of
frequency-domain diversity weights, and wherein the IFFT
circuitry 1s configured to receive the set of frequency-domain
diversity weights and to generate a set of time-domain diver-
sity weights.

18. The diversity recerver system of claim 17, wherein the
time-domain diversity combining circuitry further com-
Prises:

a filter configured to apply a filter response to the second
channelized I/Q signal based upon the set of time-do-
main diversity weights;

delay circuitry coupled to the first channelized 1/Q signal;
and

combiner circuitry configured to combined the filtered sec-
ond channelized I/Q signal from the filter with the first
channelized 1/Q) signal to generate the combined time-
domain diversity I/QQ signal.

19. The diversity recerver system of claim 17, wherein the
IFFT circuitry 1s configured to generate a number (Y) of
time-domain diversity weights that 1s less than a number (N)
of points used by the first and second FFT circuitry to gener-
ate the frequency-domain signals having multiple frequency
components.

20. A method for operating a diversity recerver system,
comprising;

generating a first time-domain channelized quadrature
(I/QQ) s1ignal from a radio frequency (RF) signal received
from a first antenna;

generating a second time-domain channelized quadrature
(I/QQ) s1ignal from a radio frequency (RF) signal received
from a first antenna;:
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converting the first and second time-domain channelized
I/Q signals to frequency-domain signals;

determining frequency-domain diversity weights for the
first and second 1/Q) signals;

converting the frequency-domain diversity weights into at
least one set of time-domain diversity weights; and

applying the time-domain diversity weights to generate a
combined time-domain diversity 1/Q signal based upon
the first and second time-domain channelized 1/0 sig-
nals; and

further comprising utilizing FFT (Fast Fourier Transform)
circuitry to convert the first and second time-domain
channelized I/Q signals to frequency-domain signals,
and utilizing IFFT (Inverse Fast Fourier Transform) cir-
cuitry to convert the frequency-domain diversity
weilghts to the at least one set of time-domain diversity
weilghts.

21. The method of claim 20, wherein the received RF

10
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signals comprise OFDM (orthogonal frequency division mul- 2o

tiplex) audio broadcast signals.
22. The method of claim 20, wherein a number (Y) of
time-domain diversity weights output by the IFFT circuitry 1s

18

less than a number (N) of points used by the FFT circuitry to
generate the frequency-domain signals.

23. The method of claim 20, further comprising generating,
a first set and a second set of frequency-domain diversity
weights with the FFT circuitry, generating a first set and a
second set of time-domain diversity weights with the IFFT
circuitry, filtering the first channelized I/Q) signal by applying
the first set of time-domain diversity weights to a first filter,
filtering the second channelized 1/Q signal by applying the
second set of time-domain diversity weights to a second filter,
and combinming output signals from the first and second filters
to generate the combined time-domain diversity 1/Q signal.

24. The method of claim 20, further comprising generating,
a set of frequency-domain diversity weights with the FFT
circuitry, generating a set of time-domain diversity weights
with the IFFT circuitry, filtering the second channelized 1/Q
signal by applying the set of time-domain diversity weights to
a filter, delaying the first channelized I/QQ signal to generate a
delayed version of the first channelized 1/Q signal, and com-
bining an output signal from the filter and the delayed version
of the first channelized 1/Q signal to generate the combined
time-domain diversity 1/Q) signal.
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